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same genus. Idippagus is closely allied to Crendla, as the latter 
is represented by C. glandula of Totten and, indeed, I cannot 
detect any character to distinguish them generically. These agree 
in shape, sculpture, hinge, muscular impressions and inflexion 
of the beaks. The genus Verticordia of S. Wood is very different 
and belongs to another family, viz. that of Lyonsia. 

Mr. Arthur Adams informs me that he has several Japanese 
species, which he believes are also found in the Mediterranean, 
and I have identified many British species with those of North 
Japan. J. Gwyn Jeffreys 

An Oversight by Faraday 

It is not often that Faraday committed an oversight; but such I 
think lie must have done in his well-known paper concerning the 
existence of a limit to vaporisation. ( ‘ ‘ Experimental Researches 
in Chemistry and Physics,” p. 119.*) Faraday showed experi¬ 
mentally, that mercury emitted no appreciable vapour below 
20° F. and accounted for this on the ground that “the elastic 
force of any vapour which the mercury could have produced at 
that temperature, was less than the force of gravity upon it and 
that, consequently, the mercury was then perfectly fixed.” He 
adds, “I think we can hardly doubt that such is the case, at 
common temperatures, with respect to silver and with all 
bodies which bear a high temperature without appreciable loss 
by volatilisation, as platina, gold, iron, nickel, silica, alumina, 
charcoal, &c., and that, consequently, at common temperatures’ 
no portion of vapour rises from these bodies or surrounds 
them. ” 

Has not Faraday overlooked the fact that though gravity 
might prevent the rise of vapour, it would assist the fall of 
vapour from the sides or under surface of a body suspended 
in vacuo ? If Faraday’s theory had any grounds in truth, it 
would be possible to distil a substance from above downwards 
by the sole force of gravity, but I know of no experiment to 
support the idea. Were all the other forces which could act upon 
the molecules, exactly balanced in unstable equilibrium, the force 
of gravity might undoubtedly upset this equilibrium, so that 
vapour would be produced from the undersurface of a suspended 
solid when it could not be produced from the upper surface. 
But a very slight estimation of the forces which may enter into 
such a problem, shows how unlikely it is that the case could ever 
happen. 

I do not mean to say that the force of tenacity of solid sub¬ 
stance, is identical with that which is opposed to volatilisation ; 
but it is possibly comparable with it ill amount. Now a copper 
wire, having a section of one square millimetre, will bear a weight 
of 90 lbs. and this force of tenacity only acts between portions 
of metal in absolute contact and continuity. Compare now the 
weight of a film of copper, say f--.- part of a millimetre thick, with 
the force by which it adheres to the remainder of the mass of 
copper with which it is continuous. Taking the specific gravity at 
S'9, the weight will be, per square millimetre, o '000089 gramme ; 
the force which would be required to tear it from the remainder of 
the mass would be, for the same surface, 40819' grammes. The 
force of tenacity, therefore, exceeds the weight rather more than 
450,000,000 (450 million) times. This seems to show that 
the molecular forces which tend to maintain the integrity of a 
solid metal, are almost infinitely greater than the gravitation of 
the same molecules towards the earth. To cause these molecules 
to fly off in free vapours, we must call in the aid of forces of 
heat, electricity, or chemical affinity which can cope with the 
prodigious force of solid cohesion. It is practically impossible 
that we should ever meet with a case, where these forces were so 
exactly balanced that the exterior force of gravity, many million 
times less in amount, should produce a perceptible disturbance. 

These considerations do not, however, appear to affect the 
validity of Wollaston’s speculations concerning a definite limit to 
the earth’s atmosphere as caused by the gravity of the aerial 
particles. j 

Where are the Nebulae ? 

I AM unaffectedly glad to find that one whose opinion has 
such weight as Mr. Spencer’s must have, should have anticipated 
me m the matters to which he directs your attention in his 
interesting letter. There can be no question as to his priority; 

111 I had not only formed no views respecting the 
nebulae j but had no further knowledge of astronomy than I 
derived flora a very faint recollection of what I had learned in a 
iasiy two hours perusal of Goodwin’s Astronomy (Course of 

* Phil. Trans. 1826, p, 484. 
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Mathematics) the night before our examination on the subject in 
the “Three days” at Cambridge. 

In considering the subject of the nebulte recently, however, 
the points touched on by Mr. Spencer had not escaped me. In 
five papers in tb a. Intellectual Observer and Student called “Notes 
on Nebulas,” “Notes on Star-streams,”and “A New Theory of 
the Universe” (three parts), I touched on these and many other 
proofs that the nebula; are not external galaxies; but part and 
parcel of the sidereal system. 

I have since found that Dr. Whewell, in his “Plurality of 
Worlds,” had adopted the same view. But as a matter of fact, 
we owe the enunciation of clearly convincing evidence respecting 
the true nature oi the nebulte to Sir John Herschel; while Sir 
W. Herschel, when as yet the available evidence was incomplete, 
indicated liis belief that the Orion nebula (amongst others) is 
within the sidereal system. 

Strangely enough, the point first dwelt on by Mr. Spencer was 
boldly quoted by the Rev. C. Pritchard (V.P.R.A.S.) as a proof 
that the nebula; are external galaxies, immediately after I had 
read my communication on the distribution of the nebula; to the 
Astronomical Society. I asked at once if we were to regard 
those vacant spaces as the spy-holes, so to speak, of the sidereal 
system, through which alone the nebula: could be hopefully looked 
for and Mr. Pritchard said “Yes.” Mr. Stone, also, pointed 
out subsequently, that the glare from the stars might elsewhere 
obliterate the nebulte (at least the fainter ones) from view. This 
would be a point to be attentively considered were it not that in 
the Nubecula; we have evidence that the glare from many stars 
does not obliterate faint nebula;. 

The second point dwelt on by Mr. Spencer affords a remark¬ 
able instance of the way in which considerations that should be 
perfectly obvious, escape even practised astronomers. Strangely 
enough, I dwelt on this point, only three days ago, in a letter I 
addressed (not for publication) to the editor of the Spectator. It 
is commonly understood and stated that telescopes which are 
only just able to show stars of the tenth, twelfth, or fourteenth 
magnitude as the case may be, are able to exhibit the component 
stars of certain external galaxies, which must (according to 
the theory) be thousands of times farther from us than the 
fourteenth magnitude stars. Not a thought has been given 
to the obvious conclusion that these component stars, to be thus 
visible, must be millions of times larger than the members of our 
galaxy. 

In a letter addressed last August to Sir John Herschel (a por¬ 
tion of the answer to which was quoted in my article in Nature 
for January 27), I pointed out half-a-ceniury of reasons for be¬ 
lieving that the sidereal system is differently constituted than has 
been supposed and that the nebulae are not external to it. 
(This would have involved an egregiously long letter had I been 
Writing to an ordinary correspondent, but in the actual case a 
few words served sufficiently to indicate each reason.) These 
reasons were not interdependent—each afforded good and 
most afforded perfectly sufficient ground for rejecting the ac¬ 
cepted theory. In his reply, Sir jolm (always kind, courteous 
and encouraging) was good enough to speak of the “number 
and variety of the striking facts brought together and the evi¬ 
dent bearing of a large proportion of them on the great problem 
offered by the sidereal system to man’s contemplation.” Amongst 
the facts which afford the strongest evidence of all, are two I left 
unnoticed in my late paper, viz., (1) the relatively large proper 
motion of the fainter stars and (2) the drift of whole groups 
of stars in a definite direction. These facts apply to the struc¬ 
ture of the sidereal system, rather than to the position of the 
nebulre ; blit, as a matter of fact, the two matters are so closely 
related, that evidence bearing on one carries with it conclusions 
affecting the other also. Richd. A. Proctor 

February 4 

Analogy of Colour and Music 
I find in your number of January 13 an interesting paper by 
Mr. Barrett on the Correlation of Colour and Sound. It seems 
to me that Mr. Barrett depreciates the phenomenon of Newton’s 
rings by saying that the “connection between the relative spaces 
occupied by each colour and the relative vibrations of the notes 
of the scale” .... “cannot be more than a coincidence.” The 
diameters of the rings are functions of the wave-lengths and, there¬ 
fore, expressions of a physical condition. Mr. Barrett’s own 
process is, to say the least, very rough and, after taking “ the 
mean of two limits,” rather wide apart for the length of the 
waves of each colour, he obtains a series of numbers which 
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differ not inconsiderably from those which belong to the musical 
scale and he is obliged, after all, to place blue and indigo together, 
taking their “mean rates ” as corresponding with G. I do not 
know how far Newton’s measurements are correct; but I find 
that Professor Zannotti, of Naples, gives for the diameters of the 
rings from red to red the cube-roots of the numbers 1, f, -f, #, 

I. iir t i- The intervals between these, taken successively, are 
in if, V> t> V°> xfi f> that is—major-tone, semi-tone, minor- 
tone, major-tone, minor-tone, f-tone, major-tone. Calling the 
major-tone M\ the minor tone in, and the semi-tone x, for the 
sake of brevity. I will give the five different forms of which the 
musical scale is capable—expressed by the succession of intervals 
—and show that the above series of intervals is one of them 


D, E, F, G, A, B, C, D 


(I) 

m 

X 

M 

m 

M x M, or 

Sintono. 

(2) 

M 

X 

m 

M 

m x M, or 

Newton’s scale of colours. 

( 3 ) 

M 

X 

M 

m 

M x m 

( 4 ) 

m 

X 

M 

M 

m x M 

( 5 ) 

M 

X 

m 

M 

M X m 


Varieties depending upon the permutation of the quantities M, 
m, and x. The 1st contains the imperfect fifth, DA; the 2nd 
two such fifths, EB and FC; the 3rd GD; the 4th A. 2 E 2 ; and the 
5th the imperfect fifth, C 2 G,—all of course with their corre¬ 
sponding augmented fourths. 

Thus, Newton’s scale of colour is one of a series of five scales 
of sound, all requiring modification by a comma of one, or at 
the most two-fifths ; but all are found of perfect major and 
minor tones and major semitones. If the correlation between 
colour and sound exists, I think it will be found here. If this 
be admitted, the colours and notes corresponding are as 
follows :— 

D, E, F, G, A, B, C, D 

Red, Orange, Yellow, Green, Blue, Indigo, Violet, Red ; 
or better according to the figure— 



Thus the series of colours corresponds with the Gregorian 
Scale of the first mode and not with the modern scale of C. I 
may remark, by the way, that the ancient Greek plain chant is 
said sometimes to have a notation in which the notes are distin¬ 
guished by different colours. It would be interesting to know 
whether such a notation has any scientific foundation. 

In conclusion, I would say, that Newton’s rings give a far 
more clear division of the colours that we get in the spectrum 
and the distinction between blue and indigo is too well defined 
to warrant them to be treated as Mr. Barrett has done. No 
doubt the neighbourhood of indigo is a difficult one and to make 
the correlation with sound complete, this colour itself ought to 
be divided into two; indigo-blue and indigo-violet corresponding 
to the notes BP and B^, both of which are required to obtain the 
fourths and fifths all perfect. Allow me to inquire if there be 
any marked line in the red, dividing it into two reds separated by 
the interval f-J- ? I ask this question because the Sintono Scale 
(I) requires two D’s differing by this interval, to complete its 
intervals of fourths and fifths. Also, would the correction of the 
fifths, &c,, in the other four scales given above, by the introduc¬ 
tion of one or two new notes, be such that these notes can be 
made to correspond to marked divisions in the spectrum or to 
like divisions in the series of colours determined by Newton’s 
method? W. S. Okely 


The supposed analogy between the spectrum and the musical 
scale is not strictly accurate, because In the former the colours 
blend into one another imperceptibly, while the notes of the 
latter are separated by distinct intervals. 

Yet it is precisely on this blending of the colours that the 
pleasing effect of the spectrum depends. If we place red, 
orange, yellow, &c., in their order, in immediate juxtaposition, 
as distinctly defined bands, we obtain precisely that arrangement 
which is admittedly distasteful. 

The chromatic scale, as its name implies, approaches more 
nearly to the spectrum than does the diatonic; but the spectrum 
would be still better represented by the sliding tones produced by 
running the finger up the sounding string of a violin. 

But leaving this objection, which may be thought too critical, 
I would remark, that the analogy which Mr. Barrett points to is 
rather one of melody than of harmony. 

In the case of a musical concord, the two notes fall simulta¬ 
neously on the ear and are perceived as one compound sound, 
the effect of which is very different from that produced by 
sounding the notes in succession, however rapid ; yet this last 
is what rather seems to correspond to the sensation produced by 
two colours placed in juxtaposition, the eye passing rapidly from 
the one to the other. To obtain the optical analogue of a 
musical concord, the colours ought to be received simultaneously 
on the retina—in other words, should be blended. Could not 
this be accomplished by producing two distinct spectra by means 
of two prisms and causing the so-called harmonious colours in 
either to overlap one another on the screen ? Blending thus, for 
example, those rays of the two spectra whose vibrations are to 
one another in the ratio of 100 to 75, their resultant (a purple of 
some sort, I suppose) would give us the true analogue of the 
fifth in music. 

Similar experiments, I am aware, have been made by causing 
patches of colours to rotate upon a disc so rapidly that they are in 
effect blended upon the retina ; but some modification of the 
method above suggested would seem to have the immense ad¬ 
vantage of enabling the experimenter to combine colours whose 
wave-lengths would be in any desired ratio. 

I should be curious to know whether the result of such an 
experiment would be that the compound tint produced by the 
two rays would be more or less agreeable, the more or less nearly 
its component parts were in the exact musical ratio; also 
whether, when the two colours were slightly “out of tune,” we 
should have the phenomena of “ interference ” presenting them¬ 
selves analogous to the “ beats ” in music. 

A curious speculation here suggests itself. It is well known 
that what are called complementary colours—red and green, for 
instance—produce, if combined in due proportions, white. 

Proceeding by the above method, then, should we find that 
the particular tints of red and green necessary to produce white, 
are those whose ratio is exactly that of the musical fourth? 
If so, white is as much entitled to a place in our catalogue of 
colours as purple or any other harmonised compound. 

If white is not the optical representative of the musical fourth, 
where shall we look for its analogue in the latter science ? Can 
any of your readers suggest a method of producing a white 
sound? “White,” we know, is the resultant of the blending of 
the whole rays of the spectrum—t. e., of the same part of the 
retina simultaneously receiving rays whose wave-lengths pass 
imperceptibly through every conceivable shade of difference. 

If it were possible for a violinist to slide his finger up the 
string of his instrument in such a way that, instead of producing 
a sound varying in pitch, every part of the string passed over 
should continue to sound simultaneously with every other part; 
or, if we can suppose some millions of violinists each sounding a 
note inappreciably higher than his neighbour, but comprehending 
among them every conceivable shade of pitch within the octave, 
we might possibly obtain the purest and most Eetherial of tones, 
a “White Sound!” 

Edinburgh, Jan. 24 Frakcis Deas 

Government Aid to Science 

Will you allow' me, with the utmost respect, to remind your 
able correspondent, that every individual in the state pays taxes 
for ignorance and inefficiency; while so interwoven are the 
interests of man with man—so often does inquiry after the most 
abstract principles lead to valuable practical results, that it is 
impossible to predict in which department of Science discoveries 
may be made that shall materially lighten these unsatisfactory 
imposts. Hence the field of research should be open to all and 
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